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1Q. What is your educational and professional background? |

vmeasurmg prpe wall thinning ﬁ'om erosmn/corrosron As a result of my ‘work at the Nuclear Regulatory
‘was adopted. Consequently, in 2001 the NRC launched a five-year major program on the effects of

.‘Davrs-Besse I have testlﬁed at great lengths before the Adv1sory Comm1ttee on Reactor Safety, » '

Q. Forthe record, please state your name and address.

A: _My name is Joram Hopenfeld and my business address is 1724 Yale Place, Rockvllle, Md.20850 v

A. I have received the following degrees in engineering from the University of California at Los
Angeles: BS 1960, MS 1962 Ph.D 1967
Ihave 40 years of ¢ expenence in 1ndustry and government pnmanly in the areas of steam :

generator testmg and hcensmg for the nuclear power mdustry My maJ or act1v1t1es were focused on

corrosion/erosion and thermal hydraulics in Coal Fired Plants Sodlum Cooled Nuclear Power Plants and

Pressurized Water Reactors, (“PWRs”). 1 have managed a major international program on steam _
generator performance during accidents, Ihave funded and sponsored research and development work

at the Engmeermg Department of the University of V1rg1ma which resulted in 2 novel method of
Commission, (“NRC”) my position regarding the safety implication of _steam generator tube degradatlon
steam generator tube aging on core melt. This program is related to the recent reactor head failure at

(“ACRS”) on steam generator tube degradatron and related safety issues. In the last several years, I have
consulted to a major law firm and a citizen group regarding steam generator issues. |

I have published 14 papers m peer-reviewed technical journals in the areas of thermal-hydraulics,
corrosion, erosion, stearn generator dose releases during accidents, steam explosions, sensors and ECM
machining. I hold eight US patents. I am listed in the Engineers of Distinction published by the

Engineers Joint Council and in American Men and Women in Science.
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A, Inmy opinion, the replacement of the Stearn_ generators allowing SONGS 2&3 to operate to the

assumption that the cost associated with component aging in the entire plant, excluding the steam

I am the owner and CEO of a small Maryland company, Noverflo, Inc., that is developmé ﬁber
Optlc Sensors for the oil & gas, the transportation, and the env1ronmenta1 momtonng 1ndustr1es Ilnvent |
and develop new sensors, seek sponsors and rnarket the end products |

My employment history, the list of publications and the list of patents are provided in the . |

Appendix.
Q ‘What is the purpose of yonr‘tes’timony?-

A. The purpose of my testimony is to provide the California Puolie Utilities Commission
(“Commxssxon ") with perspectlve on issues assoc1ated with aging nuclear plant components and
assocxated security risks. Based on my professwnal expenence and mformation itis my opinion that
extendmg San Onofre Nuclear Generatmg Station s (“SONGS”) operatmg 11fetune to- the end of its
current licenses through Southern California Edison’s (“SCE”)_proposed steam generator replacement
project for Units 2 & 3, will require significant additional capital investments beyond those identified in |

SCE’s 'application and testimony.

Q. What additional costs are not identiﬁed or considered in SCE’s application and testimony?

end of 2022 will require considerable more capital and O&M costs and power replacement costs than
was identified in the SCE application. These additional costs are associated with three major

uncertainties'associated with the SCE cost-benefit analysis. The first uncertainty stems from the

generators, would essentially remain at its present level. The other two uncertainties relate to increased |°

security measure requirements and regulatory actions.
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Q. Please elaborate on these three uncertainties.

1. COMPONENT AGING IN NUCLEAR POWER PLANTS

A. Letme staﬁ with plént éomponent aginig. Itis a well-established fa-ct that -p're-ssﬁr.e‘verés_els as well as
mechanical and ele.ctrical components tend to fail at a high rate early in life and at thg énd of tl‘l;eirr
life. The failure rate is rclaﬁvely low dﬁring the res,f of the time. This isjcalle_:_d'thé “bathtub -

| pﬁnciple."’ 'fhe ‘bathtub pﬁﬁciple depicts a plot of the ﬁ'équéncy of domponenf failures versus time.
Early m the life .of; the pfant, .the ‘ffe;que';lcyrof' failure fs high. The early failureé :t)ééur dueto

faBri'cvétibn‘,-install'atic;n and d"ési.hghverrors. As the plaﬁf ages, the fréqﬁenéy failu}e begins to

decrease, until it flattens out for a while. Then, the frequency of failure rate begins to increase again,| '

. so that ‘the'frcquen-cy failure is high later in the 'pla:mt’sv life. The later failures occuf bécause

components wear out, plain and simple.

Q. How does the above “bathtub principle” apply to your analysis of SCE’s application in this case?

A.  SONGS2& 3 began operation in 1983 and 1984, respectively. In 199.1 the feé_d water
distribution ring- suffe;gd severe ero;ion darﬁage in both units 2 and 3. In its application, SCE indicates;
t'-ha.ti the probab111ty of steam :'g:ené:fé-’cor".f.a‘ilu‘rés in units 2 and 3 will incr'ea-se‘ Very‘ rapidi}.i after 2069. -
because ﬂley willj'be ap;)roachihg the end of their useful life. '(Ap.}‘)lication, Figures I -1 & 2). This is
why SCE must replace the steam genéfatofé and why SCE is before the Commission with tlﬁs
application.: The steam generator behavior at SONGS clearly follows the classical “bathtub principle.”
The balance of the plant (piping, reactor vessel, et'c) has not yet reached the end of its useful life.

However, experience with pressure vessels in fossil plants indicates that following the startup period, the
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|| cotnponents made with Alloy 600 in both the primary and secondary loo"'p_s_; :La‘rge'_s'iz:e pip_e elbows and

the maJ or causes for the SGR. "

probability of failure remains low for about 30 years, after which period failures start to increase la;fgely : C

due to formation of cracks at welds and wall corrosion.
With regard to SONGS, in 2013, four years followmg steam genérator replacement the balance -
of the plant in these units will be entenng the last quarter of its 40-year desxgn life. After 2013 an

accelerated increase in component failures due to aging can be expected. -

Q. Can you 1dent1fy some components or'systems that have a hlgh probablhty of failure and that

were not identified by SCE in thetr SGR apphcatxon'7

A.  Yes. The components that have a high probability of failure that were not identified by SCE in

the SGR application include large size pipe elbows and valves in the secondary loop as well as

valves in the secondary loop are of concern because they share the same coolant with the steam
generators. All components with Alloy 600 in boththe‘ primary and the secondary loops of the plant are
of concern. These components are susceptible to erosion/corrosion, (“EC”) and stress corrosion cracking

(“SCC”) which are the major contributors to component failures in nuclear power plants. They also are

The faﬂure of the feed nng units 2 & 3 strongly suggest that pipe th1nnmg may be occurring in
other parts of the secondary loop, and therefore may require replacement at some future time. The

degradation of the steam generators is a precursor to degradation of other components in the plant.

Q. What are erosion/corrosion (EC) and stress corrosion cracking (SCC)?
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the material is not compatible with the coolant SCC occurs when a given matenal 1s under hlgh stress

fa1lure SCC cracks are 1mt1ated at the surface as small mdlcatlons whlch are dlfﬁcu]t to detect.

© 0 9 W A W W

1| A. - Yes. The feed ring erosion discussed in NRC Information Notice 91-19, as well as the cormsion

A, Unhke general corrosmn or fati gue crack propagatlon the occurrence of EC and SCC are

_unpredlctable For thls reason a good engmeermg pract1ce dlctates that matenals be selected on the bas1s

A. EC occurs when materials are exposed to high flow velocmes, above 20- 25 ft/second and when

and is also incompatible with its fluid. Damage to- 'plpmg from. EC results in wall thinning, ;whlch-.lf R
allowed to continue will cause the, pipe to burst when its wall str:ength cannot withstand.the- internal -

pressure Under sufﬁcxently high stress, SCC cracks will propagate fast and cause a sudden component
Q. Can you give some examples where EC and SCC have already occurred at SONGS?
in the SONGS 2&3 steam generators as discussed in detail in SCE-2 “Condition of Stearn Generators

and Expectations for Continued Operation of Original Steam Generators,” pages 7, | 17-21.

Q. How do EC and SCC differ from other modes of component degradation?

of a proven record of their ability to operate in the mtended service environment. This is a difficult task
in nuclear plants because of unforeseen local chemistry and stresses.
The selection of mill annealed Alloy 600 for steam generator tubes was a costly mistake. Both

SONGS units use this material in their steam generators. For this reason, newer steam generators use

"'NRC Information Notice 91-19, March 12, 1991 “Steam Generator Distribution Piping Damage” documents severe erosior,
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1986, an elbow of the feed water pipe at the inlet to the Surry steam generator ruptured suddenly, there

severe pipe wall thinﬁing due to EC.> EC has also occurred in safety-related piping inside the

: 'pressure pnmary radioactive coolant to leak through the vessel walls The reactor was shut down for

thermally treated Alloy 600 and 590. Howevar, r’écdnt exper‘iénceb in.2002 at tha SeabrookNuclear . .
Power Plant indicates that even thermally treated Alloy 600 is ‘-léss» resistant:tol SGC’th'an;.vs./as prevmusly _
believed.zl .
1 would liké to emphasize that EC and SCC related failures are not the only manifestation of
plant aging. Electrical cables, valves, and instruments (especially those with moving parts), all

deteriorate with age. I am focusing on EC and SCC because of their high potential for causing

Q. What are the consequences of EC and SCC unpredictability?

A. The inability of in-service inspection techniques to- anticipate and prevent EC and SCC has been

very costly almost from the beginning of nuclear power plant operation. For example, in December of
were several fatalities; the reactor was down for several months. The cause thhe elbow rupture was

containment structure. In 2002, the reactor vessel head at Davis-Besse was damaged due to SCC of

Alloy 600 and only by 1uck was a Chernobyl-type dlsaster averted The SCC cracks allowed the high

two years. In July 2004, several workers were killed at the Mihama nuclear power plant due to EC in the

secondary loop.

damage in SONGS units 2 & 3 Indeed, the SCE application itself atiributes SGR to SCC.

? NRC Information Notice 2002- 021, Supplement 1: Axial Outside Diameter Crack Affectmg Thermally Treated
Alloy 600 Steam Generator Tubing.

* NRC Bulletin 87-01 “Thinning of Pipe Walls in Nuclear Plants.”

* NRC Bulletin 2002-01 and www.nrc. gov, “Davis Besse Reactor Vessel Head Degradation,” (ML003690021)
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SCC-associated steam generator tube ruptures have occurred in seven plants since 1975. SCCin

steam generators was-a major factor in causing the p'ennane_nt shut-down of the Trojan Nuclear Peﬁyer

Plant in Oregon in 1992 after only less than 10 years of operation.
Q. What is being done to reduce the impact of EC and SCC?-

A. The mdﬁstry and the NRC have reacted w1th great speed to address safety concerns as events occur
in nuclear plants. Followmg each event the NRC issues an Information Notice, (“IN”) descnbmg |
the event and its implications. The INs do not require any act_io.n,' they-are more or less an |
educational tool. The INs demonstrate that EC and SCC-related failures are unforeseen, not wellv .

» ﬁnderstood'_,‘ can go undetected, and are random. For this reason, SCE’s application for SGRli sheuld

-~ include the costs of component replacement that is expected due to EC and SCC.

Q The NRC modified the SONGS licenses in March 2000 in response to a SCE request to allow Unit 2
to operate until 2013 and Unit 3 to operate until 2014. How did NRC address the question of

whether the plant could be operated safely for this extended duration of the licenses?

A. Fromanagmg ﬁerspecti‘ve'; the NRC did not tequife SCE to ad_dr'ess the» question of Wﬁether the
plant.could be operated safely for the extended duration of the licenses. The NRC has a policy called
“license _recapture” in which the NRC allows nuclear plant owners te “reset” the clock on the
oﬁginal .40-year operating licenses; In other words, the original clock started during plant
construction, but delays in construction result in a large chunk of the 40-year license to be “used up”

- before the reactor even began operating. NRC’s policy of “license recapture” resets the timing _of
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“for Unit 3, and the clock was “reset” for an addmonal 8 years.?

' licensing changes because those recaptures were not reviewed and approved pursuant to Title 10 of

Q On the basis of your review of SCE’s application and testimony, do you have any concerns about

. Yes. SCE discounts age-related degradation of components other than that associated with steam

the 40-year operating license initiation to when the plant started operation. The ultimate result is.
that the overall license term extends beyond the original 40-year oper'ating.licens'e period. In:tﬁé- ‘

case of SONGS, the ongmal license terms expired on October 6, 2013 for Unit 2, and July 19 2014 -

The NRC review of SCE (ML003690021) for SONGS 2 & 3 operating condltlons was -
msufﬁclent from the standpomt of evaluatmg aging components issues, The NRC neither required

the subrm's_s;on- 'o_f; nor did it review, condition monitoring program information for the 2000 SONGS

the Code of Federal Regulations, section 54:
The'Ni{C does not provide assurance of the ability of a plant to operate safely and reliably during
the license renewal period.® Therefore, SCE cannot justify its failure to include costs related to
aging com’ponents'degrédatioh and associated operation failures in its SGR aﬁpl-icatiOn,. béséd on an

argument that safety issues were addressed during the NRC 2000 re-licensing procéés.

whether the costs SCE estimates to extend SONGS 2&3 operating lifetime are identified and

estimated properly? :

generators themselves. The steam generators are not the only items vulnerable to age-related

degradation and potential adverse impact on plant performance during its operating lifetime.

5 Letter from L. Raghaven, NRC to H. Ray, SCE, (March 9, 2000), SONGS 2&3 licenses February 16 and November 2022,
respectively.
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Q. Do you have ahy_ particular concerns about aging components at SONGS?

- T Y N ¥ R N PO N

Q0 Are there examples of aging' components-related damage at SONGS other than EC and SCC?

A. Yes. SVONGS aﬁpears to have experienced more EC problems ‘than_ the typical nucl,beériplant.ﬁThe
same or similar environment, (coolant chemistry) that caused the already r‘né_nti.Oned damage to tﬁe "
feed ring in units 2&3 exists elsewhere in the secondary loop. Depending on the local vclocity and
l i ‘ﬂ_ov_v turb‘ulenqg §om§times'mése probl'emsv_appéar; early .but'son‘.;etimes they can éppqar iate '
especiail-y‘ if ihe-véloizitjes. aré rc_:-latiw-/ély‘low.»; I am péﬂiculéﬂy coﬁcemed .al?ouf thmmng of pipe
elbows because thinning fnay be very localized and only a fraction of the pipe is inspected during in-

- service inspection.

A. Yes. On February 3, 2001, Unit 3 was restarting from a refueling outage when an electrical
bréakér experienced a fault that started é fire. The reactor tripped and the unit experienced a loss of
offsite power. When a battery powered iubr,icating pump failed to start, the lack of lubricating oil to the
main.t;_lr,bige spaﬁ causgdvextet_lsive damage that required the reactor to remain shut.. down for several

months.’

Q. Are there other costs associated with age-related degradation, besides the actual costs of repairing of

replacing aging components?

% The Hatch Nuclear Plant is an example where despite the NRC review and approval of a plant’s condition. monitoring
program, failures occurred subsequent to the license renewal, resulting in a forced shutdown of the plant. It is another
illustration of the costly discovery of age related problems in the nuclear industry.

" NRC, “San Onofre Nuclear Generating Station Special Team Inspection Report No. 50-362/01-05,” (April 20, 2001).
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A Yes. As the number of problems increase with plant age, the probablhty of outages caused by age- _

. Has SCE allowed for thenti'al long outages such as the 'receht Davi_'s-Beséee outage in its cost-

. No. SCE evaluations neglect the potential for prolonged reactor outages, whether voluntary or NRC-
. Apply this nuclear industry experience SONGS.

. If this nuclear industry expeﬁence applied to the two reactors at SONGS 2&3, the probability that

. In your opinion, what information should SCE provide to the Commission so that the Commission

related failures also increases. Nuclear plants must be taken off-line for repaifs. ~In 'some‘ Cases,
resulting outages have been extensive. For examp-le, age-related degradation of a reactor vessel head

kept the Davis-Besse iiuéle_ar plant shut down from March 2002 fhrough March 2004.

benefit analysis?

manaated. Over the past twenty years, twenty-seven reactors have encountered delays of a year o1
more in restartillg, due to problems unrelated to a steam generator ége—related problem.

one of the SONGS 2&3 reactors will experience a year-plus outage by the year 2022 is about 39.4%.

can malce_ a fully informed decision as to the cost-effectiveness of the SGR?

10
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reactors will experience a y'e.ar-plus odtagc between 2009 and -‘2022;“ o

“of at least onie year will occur at one of the reactors at SONGS 2&3.

records, SCE should identify the systems and subsystems in the plant that are subject to aging, and

 then quantify the aging factor and estimate the relevant uncertainties based on SCE and industryj]

A. SCE should include.in its costs analysis a factor of probability that one of the_-reactoré at SONGS 2 |
‘& 3 will experience at least a two year outage between 2009 and 2022. The following table presenty-

the probabilities, based on actual ind_ustfy performance over the- past 20 years; that one of the

- .Year - - | Probability that ong of SONGS
. 2&3 reactors has a year-plus
outage
2000 . | 146
2010 ' 169
201t - 19.0
2012 A 21.1
2013 . 23.2
2014 ) 25.2
2015 o ' 27.1
2016 : 290
- 2017 v 309
2018 I 32.7 - , .
2019 ' 344 y
2020 36.1 ‘
2021 : ~ 37.8
2022 ' ' : 39.4

Actual industry experience demonstrates that outages of at least one year frequently occur. SCE’s .
cost analysis assumed no chance that an outage of at least one year will occur. This is an

unreasonabie assumption, as the above table indicates. There is 2 39.4% probability that an outage

With regard to aging components-related repair and replacerhent costs, by using their in-servicg

i3

experience. P
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2. NUCLEAR PLANT VULNERABILITY TO TERRORISM

Q. What is your criticism of SCE’s application and testimony with regard to-increased security costs| .

due to the threat of terrorism? -

A. In its cost-benefit analysis, SCE lumped the inérease ';)'f éeCur'ity-rel‘ated costs with increases
as‘so’ciated’WitH NRC éc‘ruti_ny,'plant conditions and industry events. The porréspbnding’increases in
capital and O&M costs were*SO% and 20% respectivély over a base line cost: for the years 2004-2008 2
SCE prolvides no justiﬁcations or the origin for these assumptions, It appears from SCE’s application
and testimony fhﬁt they dor_x’t sériOus]y'consider these issues. SCE recognizes the issues, but doesn’t
ascribe any actual numbers. In my opinion, the cost of reducing SONGS’ vulnerability to terrorist

attacks rflay-be significant because the main steam lines may have to be redesigned.
Q. Please describe why the main steamlines may have to be redesigned.

A. The main steam lines between the containment and the turbine buildiﬁg are located above the ground
and are uhprotected, Their_ temperature is above the temperature of the environment and they can be_
seeri. from éﬁtsi&é ﬁhg‘plant bdundaﬁes. These steam lines are about 2.5 ft in diam‘eterv with a design
wall thickness of approximately 0.75-inch. Laser-aimed shoulder fired missiles and other readily
available. terrorist weapons, as well as a small aircraft loaded with high-energy explosives, can
penetratc;, the unprotected pipes. A breach of the pipeline .wa»lls would cause an instantaneous steam)

depressurization of the secondary side of the steam generators leading to tube failures. This will

% SCE-4 “Cost Effectiveness Study,” pages 38 and 45 (February, 2004).
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- uncovered. The core melt would be followed by an extremely large dxrect and unﬁltered offs1te

Q. The Nuclear Regulatory Commxssmn (NRC), the Nuclear Energy Institute (NEI) and Entergy Nuclear

public safety and security measures at nuclear power facilities. The NRC and the NEI stated in that

* testimony that nuclear plants present a hard target to terrorism and that there is no .difference,

.. The government and the nuclear 1ndustry position that nuclear plants, even if attacked by terrorists,

plants were designed against a standard that required protection from malfunction of only a single

- break (“MSLB”) but they were not designed to withstand a concurrent failure of the steam line and

" the steam generator tubes.

cause the radioactive reactor cooling water to blow out of the broken steam lines d1rectly to the '

envuonment Eventually the cooling water would be depleted and the reactor. core. would bc

radioactivity release, especially if the attack occurs at the end of a PWR plant _fuel_ cycle whe_n d_ecay
heat is greatestt

Core melt could occur from a few hours to several days depending on operator action and the

_number of ruptured tubes Because the contamment is bypassed large amounts of radloactmty w1ll '

be contmuously released to the environment even prior to core melt

,,testlﬁed before the Subcomm1ttee on National Security on March 10 2003 on the assessment of

regard to public safety, between. terrorist attacks and equipment fajlure from other causes. = Why

should SCE change their estimates of security-related costs for the SGR?

- dre not hkely to endanger the publlc is based on the mvahd premise that the plants were designed to

w1thstand—accldents whether they were caused by eqmpment malfunction or by terrorism. Nuclear

component at any given time. For example, the plants were designed to withstand a main steam ling
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Q. Why should an MSLB event trigger steam generator tube 'rup"tures?

A. Following the MSLB event, the primary to secondary pressure will exceed'the specified desigu value

'~ could disable the emergency water supply to the plant.

Q. What is the government doing about nuclear plant vulnerability?

A. It is my understanding that the NRC addresses this issue on a plant by plant basis. They have placed 4

“require increased security measures on these plants.

by as much as 1000psi. This force would cause the tube sheet and- the support plates to move relatlve
to the tubes and further increase the potent1a1 for tube damage. If more than ten tubes were to be
damaged th’e core will melt, accompanied by a massive radioactivity release bypassmg contalnment.
If emergency-cooling water is not available, a core melt may occur even if only one tube ruptures,

Since the refueling water storage tank and its service components are uriprotected, a terrorist attack

Each steam generator contains thousands of tubes that are only one millimeter thick. Some tubes
may contain partially or through-the-wall tight SCC cracks that may leak to a varying degree when
the secondary side is depressurized during the steam line break event. Steam generator replacement

does not ensure that all the tubes will stay free of SCC cracks.

veil of secrecy. over their activities in this area. Following 9/11, the nation’s efforts on improving|
home land security were highly focused on air transportation. Now shipping containers are receiving
increasing attention. While nuclear power and chemical plants have received relatively littlg

attention, it is likely that these plants will receive more attention and the government will ultiately
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[A. At a minimum, the main. steam lines outside containment, the turbine building and the refueling

terrorist attacks?

storage tank will need to be shielded from missile penetrations. Therefore, costs associated with

. shielding the n_lain steam lines should be included in the _SC-)NGS_S,GR cost analyses.

B. REGULATORY UNCERTAINT IES

Q What would be required at SONGS for purposes of increésed security m'eaeures to protect agamst

Q.

What is your criticism of SCE’s application and testimony w1th regard to costs associated with

regulatory uncertainties?

ot

Regulatory uncertainties accompany unforeseen events. If a major unforeseen event were to occur af

SONGS 2 &3 it could take considerable time for the regulators to decide what to do. 'Sueh delays -

can be driven by management indecisiveness and political pressures.
Do you have any examples that illustrate this point?

Yes. Two reactor case histories illustrate this point. In 1991 the steam generator tubes at Trojan,|
early 1n the plant’s life, developed a massive number of SCC cracks. When one of the steam)
generators developed a non SCC-related leak in late 1992, the reactor was shut down and lengthy

debates at the NRC delayed the scheduled reactor startup. When an internal technical report was
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.- Instead of lumping NRC regulatory uncertainties with security-related costs, SCE should consider

Q. In summary, what are your conclusions regarding the SCE SGR application and testimony?

leaked to the press, the Trojan own‘ers'decided to shut down the reactor permanently mstead of
dealmg with regulatory uncertainties and steam generator rep]acements |
Following repairs of a tube rupture wh1ch occurred in January, 2000 at the Indian Pomt-2
Nuclear Power Plant in New York, the plant owners, ConEd, wanted 'to_ restart the reactor ag
originally schieduled but later disallowed by the NRC: The Office of the Lispecior General
iuves'ti’gation relatiVe to NRC-’S role in contributing to the accident and ensuing political pressures '
caused the NRC to reverse its original position regarding plant start-up. ConEd was forced to replace
their stearn gener'ators at an carlier date than originaliy scheduled thereby 'suffe‘ringa large cost

penalty.’

What if anything, should SCE do to consider costs related to regulatory uncertainties?

regulatory uncertainties separately and provide the basis for SCE’s rationale for attributifig identified
costs. NRC regulatory uncertainties should be considered as part of plant aging cost because as the
plant ages it can be expected that the frequency of unforeseen events will increase. The uncertainty

of how the NRC would react to any given event similarly increases.

’ Instde NRC, Vol. 15, No. 2, (January 25, 1993). NRC, San Onofre Nuclear Generating Station Special Team Inspection

Report No. 50-362/01-05 (April 20, 2001).
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. essentially zero, is unreasonable and hi_-ghly'speculativé. -

in requmng the rate-payer to absorb the costs of SGR.

A. A substantial body of experience in nuclear and.,f;j,ssil_;power; pl,_ént_s, pipelines, reﬁneri’éé énd""" .

chemic_al processing plants indicates that age-related degradation of components is a major i’ndrea’é%é

in capital and- O&M costs, |

- SCE has focused too narrowly on the steam generators as the excluswe source of potentla] ‘
adverse plant performance and assoc1ated regulatory attention. Wlthout a serious analy51s of aglng- .

related dggradatlon, together with its associated repair and/or replaqement costs as well as'assoc1ated '

power replacement costs, SCE application is deficient. SCE approach, of counting all such bogts ag

In its cost-benefit analysis, SCE included the increase in cost due to potential increases in
security and NRC scrutiny. However, SCE does not identify the key assumptions in their

projections; it appears that the assumed cost increases were quite arbitrary.

There is a significant likelihood that providing for the safe operation of SONGS 24&s3 for another| |

13 'years following SGR will require significant additional costs beyond those included in SCE’§+*

SGR application and testlmony
Since SCE does not address the three uncertainties in thelr cost-beneﬁt analySIS the SCE

application does not provide sufficient information to evaluate the magnitude of the risk that is involved

In summary, SCE did not supply the Commission w1th enough information regarding actual
potential costs__ associated with the SGR to allow the Commission to make a reasoned decision about its
cost-effectiveness. Without adequate information about all related costs and contingencies, the

Commission is in no position to make a decision about the cost-effectiveness of SGR at this time.
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 temperature steam generators for fossil plants. Responsible for the resolution of issues relating to

APPENDIX

EMPLOYMENT HISTORY

1962- 1971 —Corrosion testing of materials for the design and operation of liquid ﬁletal cooled nuclear

reactors. Atomics International, Canoga Park, Calif.

1971- 1973-,Parti'cipat¢d in the resolution of design issues as related to material corrosion and thermal

hydraulics of nuclear reactors. Atomic Energy Commission

1973 - 1978 Project Manager for the safety evaluation and testing of steam generators for liquid metal

reactors. Department of Energy (and its predecessor ERDA).
1978 - 1982 Project Manager for the development of materials and instrumentation for high
corrosion/erosion. Department of Energy.

1982 — 2001 Program manager for the resolution of various material and safety issues primarily in

relation to PWR steam generators. Nuclear Regulatory Commission.

PUBLICATIONS IN PEER REVIEWED JOURNALS

1. Distributed Fiber Optic Seﬁsors for Leak Detection In Landfills, Proceeding of SPIE Vol
3541 (1998) A

2. Continuous Aﬁtomatic Detection of Pipe Wall Thinning, ASME Proceedings of the 9th,
International Conference on Offshore Mechanics and Arctic Engineering. Feb. 1990

3 'Iodin_‘e Speciation and Partitioning in PWR Steam Generators, Nuclear Technolo gy, March
1990

4. Comments on "Assessment of Steam Explosion Induced Containment Failures" Letter to
the Editor, Nuclear Science and Engineering, Vol. 103, Sept. 1989

5. Experience and Modeling of Radioactivify Transport Following Steam Generator Tube

Rupture, Nuclear Safety, 26,286, 1985
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6. Simplified Correlations for the Predictions of Nox Emissions from Power PlantsAIAA

8. . Corrosmn of Type 316 Stainless Steel with Surface Heat Flux in 1200 Flowmg Sodlum, .

' 3."Sensors For Detecting Leaks, 5, 187,366

Journal of Energy, Nov.-Dec., 1979 .
7. Grain Boundary Grooving of Type 304 Stainless Steel in Armco Iron Due to L1qu1d Sodlum
Corros1on Corrosion, 27, No.11, 428 1971

Nuclear Engineering and Desxgn, 12; 167-169, 1970 .

9 Pred1ct10n of the One Dimensional Cutting Gap in Electrochemlcal Machmmg, ASME
Transactxon J. of Engineering for Industry, p100: (1969) '

10. Electrochermcal Machlnmg- Prediction and Correlation of Process Variables, ASME
Transactlons I.of Engmeermg for Industry, 88:455- 461 (1 966)

L1, Laminar. Two-Phase Boundary Layers in Subcooled quulds J. of Applied Mathematics and .
Phys1cs (ZAMP), 15, 388-399 (1964) ' o ,

12.  Onset of Stable Film Boiling and the Foam Ln‘mt International j. of Heat Transfer and Mass
“Transfer, 6; 987-989 (1963) ) (co-author) - ' '

13 Operating Conditions of Bubble Chamber quulds The Review of Scientific Instruments 34,
308-309. (1963); co-author

14.  Similar Solutions of the Turbulent Free Convention Boundary Layer for an Electrically
Conducting Fluid in the Presence of a Magnetic Field, AIAA J. 1:718-719 (1965)

LIST OF PATENTS

1. Automatic Shut-Off Valve for Liquid Storage Tanks, 5,522,415
2. Method and.Appatatus for Detecting the Presence of Flulds 5, 200, 615

4. Method for Monitoring Thinning of Walls and Piping Components 4,922,748

5. Method for Mohitoring Thinning of Pipe Walls, 4,779,453 ,

6. Looped Fib_er_Optie Sensor for the Detection of Substances (5,828,798)

7. Coated Fii)er Optic Sensor for The Detection of Substances (5,982,959)

8. Method and Apparatus for Aﬁalyzing Information of Sensors Provided Over Multiple Waveguides (Patent
pending, February 2005).
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